Introduction: Emergency Department (ED) visits for injury often precede hospital admissions in older adults, but risk factors for these admissions are poorly characterized. We sought to determine the incidence and risk factors for hospitalization shortly following discharge home from an ED visit for traumatic injury in older adults. We hypothesized higher risk for admission in those with increased age, discharged home after falls, with increased comorbidity burden, and who live in poor neighborhoods. Methods: We identified all community-dwelling patients ≥65 years old treated and released for traumatic injury at non-federal EDs in Florida using the 2011 State Inpatient Database and State ED Database of the Agency for Healthcare Research and Quality. Outcome measures were hospitalization within 9 and 30 days of discharge from the ED. Multivariable logistic regression was used to establish independent risk factors for hospital admission. Results: Of 163,851 index ED injury visits, 6298 (3.8%) resulted in inpatient admissions within 9 days and 12,938 (7.9%) within 30 days. Factors associated with increased odds of admission within 9 days included: each additional comorbidity, ≥ moderate injury to abdomen or pelvis/extremities, and median neighborhood income b $39,000. Additional factors associated with increased odds of admission within 30 days included: lack of private insurance supplement and median neighborhood income b $48,000. Conclusion: Among older adults treated and discharged from the ED for an injury, those who have high comorbidity burdens, have abdominal or orthopedic injuries, and live in poor neighborhoods are at increased risk of hospitalization within 9 or 30 days of ED discharge.
Introduction
In 2010, there were over 2.5 million treat and release Emergency Department (ED) visits for traumatic injury in adults ≥65 years old in the United States costing over 11.5 billion dollars [1] . As the U.S. population continues to age, the number of older adults injured each year will also rise. Healthy People 2020, a division of the U.S. Department of Health and Human Services (HHS), has identified reducing the rate of ED visits from falls in the elderly as a national health priority [2] . Older adults are at high risk for poor outcomes (including death, functional decline, adverse events, increased level of care, inpatient hospitalization) after ED visits as compared to younger adults [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] . Approximately 25% of older adults seen and discharged in the ED for any cause are readmitted soon thereafter [19] , but the incidence of readmission after injury is not known.
Research on predictors of repeat visits and inpatient admission following ED discharge has been focused primarily on chronic medical conditions [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] . Injury research assessing predictors of falls in older adults has identified an elevated Carpenter score and an inability to cut one's toenails as the most powerful predictors [24] [25] [26] [27] . While several screening tools have been developed to identify ED patients at risk of poor outcomes, such as the Identification of Seniors at Risk (ISAR) tool and Triage Risk Screening Tool (TRST), those tools have not been shown to be clinically useful [18, [27] [28] . ED clinicians lack a standardized approach to identify injured older adult patients who are at risk for complications after ED discharge, including the need for an inpatient admission. Given the prevalence and disproportionate resource use for falls and other minor trauma in older adults, identifying risk factors in this vulnerable group could inform focused intervention, reducing the burden to individual patients and the health care system.
The aim of this study was to identify the incidence and clinical and demographic predictors of inpatient hospital admission in adults ≥65 years old within 9 days and 30 days of discharge from the ED for treatment of a traumatic injury. We hypothesized that patients of increased age, discharged home after falls, with increasing comorbidity burden, and who live in poor neighborhoods would be at higher risk of being admitted shortly following ED discharge for traumatic injury.
Methods
This project was deemed exempt by the Institutional Review Board.
Study design
This retrospective cohort study examined all visits of adults ≥ 65 years old to non-federal emergency departments in the state of Florida (FL) (n = 189) from January 1, 2011 to December 31, 2011. Data were obtained from the State Emergency Department Database (SEDD), which includes all visits to a non-federal ED that do not result in hospital admission, and the State Inpatient Database (SID), which includes all non-federal hospital admissions, regardless of whether or not they originate in the ED. The SEDD and SID databases are subgroups of the Agency for Healthcare Research and Quality (AHRQ) Healthcare Cost and Utilization Project (HCUP).
Setting and population
Patients ≥65 years old with an ICD-9 diagnosis code indicating traumatic injury (dxccs 225-244) who were seen at a non-federal ED in Florida in 2011 were eligible for inclusion. Since we were interested in examining index visits for traumatic injury, patients with index ED visits for late effects of a prior injury were excluded. To focus on communitydwelling older adults, we also excluded patients coming from or discharged to a skilled nursing facility (SNF). Patients with multiple ED visits during the same day and those patients who were admitted the same day they were seen in the ED were excluded as well (Fig. 1). 
Study protocol
HCUP provides revisit variables that allowed us to track individual patients over time and between institutions. Using the HCUP revisit variables visitlink and daystoevent, we identified and tracked all patients ≥65 years old seen at and discharged from an ED for traumatic injury in Florida in 2011. Patients with an index injury emergency visit were followed for 9 and 30 days post-emergency department discharge. Nine days was selected based on prior research that has shown this time point to represent the inflection point for acute returns on a time-to-return curve, [29] , and 30 days was selected as this is the time period used in Medicare quality metric [30] .
Measurements
The main outcome measurements were inpatient admission within 9 days or 30 days of the index ED visit for traumatic injury as identified using the SID database. Examined predictor variables included: age, sex, race, income, insurance status (Medicare with or without Medicaid or private supplementary insurance), number of chronic comorbidities, number of new acute medical conditions, new injury severity score, body region with ≥ moderate injury, mechanism of injury, diagnosis, weekend presentation, urbanicity neighborhood income, and trauma center accreditation of the index ED. For the years of this analysis, the HCUP database recorded "Hispanic" as a race mutually exclusive with black, white, and other racial descriptors, rather than as a separate ethnicity category. Consequently, in this analysis, we also reported "Hispanic" as a race rather than an ethnicity.
Data analysis
Frequencies and proportions were used to characterize the distributions for categorical variables of interest, presented by admission status. Means and standard deviations were used to describe the distributions for continuous variables by admission status. Comparisons of distributions were accomplished using chi-square statistics for categorical variables and Kruskal-Wallis tests for continuous variables. Unadjusted and adjusted logistic regression models were generated for the two outcome measures (9 and 30 day hospital admission), with adjusted models including all variables listed in Table 1 with p ≤ 0.01 in the univariate analysis. Statistical significance was based on 99.9% confidence intervals for the odds ratio estimates to address our large sample size and potential overpowering; significant findings are concluded on the basis of confidence intervals not straddling the null value of 1.0. All analyses were performed using Stata 14.0 statistical software. Median charges of admission were determined using total charges reported in the HCUP database; median costs of admission were determined using the hospital-specific all-payer inpatient cost/charge ratio.
Results
Of the 163,851 treat-and-release ED visits for traumatic injury in adults ≥ 65 years old, 6298 (3.8%) and 12,938 (7.9%) of patients had a subsequent inpatient admission within 9 and 30 days, respectively ( Table 1 ). The mean age for patients not admitted within 30 days was 77.1 years-old, while the mean age of those admitted within 9 and 30 days was 79.9 and 79.8, respectively (p b 0.001). The majority of patients were female (N 62% all groups) and white (N82% all groups). The mean number of chronic comorbidities was 1.3 in patients not admitted within 30 days and 1.6 in patients admitted within 9 or 30 days (p b 0.001). While 10.1% of non-admitted patients had a private insurance supplement in addition to Medicare, only 5.5% and 5.6% of patients with subsequent admissions in 9 and 30 days had such an insurance supplement (p b 0.001). Of non-admitted subjects, 55.9% had an initial ED visit for a fall, but that proportion rose to 71.1% and 69.0% for patients admitted within 9 and 30 days, respectively (p b 0.001). Fewer than 12.1% of all subjects lived in a zip code with a median income ≥ $64,000.
In multivariable logistic regression, those with multiple comorbidities (OR 1.2, CI 1.1-1.2 per additional comorbidity), moderate injury to abdomen (OR 2.1, CI 1.5-2.9) or to pelvis/extremities (OR 1.3, CI 1.1-1.6), and who lived in poor neighborhoods (OR 1.3, CI 1.1-1.5) were at increased risk of inpatient admission within 9 days. Factors associated with decreased risk of inpatient admission within 9 days included identifying as Hispanic (OR 0.8, CI 0.7-0.9) or having a primary diagnosis of lacerations of the head, neck, and trunk (OR 0.7, CI 0.5-0.9) ( Table 2) . When looking at admission within 30 days, additional factors associated with increased odds of admission included lack of private insurance supplement OR 1.3, CI 1.1-1.6) and median neighborhood income b$48,000 (OR 1.3, CI 1.2-1.4) ( Table 3) .
The primary injury diagnosis of the index ED visit was also the primary diagnosis of 12.2% of inpatient admissions within 9 days and 8.2% of inpatient admissions within 30 days, respectively (Table 4) . Over half of admissions, 57.6% and 59.3%, respectively, were at the same hospital as the initial index ED visit. Furthermore, 46.1% of the inpatient admissions within 9 days were associated with a new injury, while 35.5% of those within 30 days were associated with a new injury. Of those admissions for a new traumatic injury, the top five admission diagnoses were, other fractures, fracture of the upper limb, fracture of the neck of femur, fracture of the lower limb, and intracranial injury. Of those admissions not associated with a new injury, the top five admission diagnoses were congestive heart failure, urinary tract infection, septicemia, skin and cutaneous infections, and acute renal failure ( Table 4 ). The median charges of admission, for both 9 and 30 days, was $32,138 (IQR $19,198-$54,147) and $31,548 (IQR $18,974-$53,502), respectively. The median cost of admission, for 9 and 30 days, was $6376 (IQR $4010-$10,634) and $6251 (IQR $3914-$10,680), respectively.
Discussion
Among injured community-dwelling older adults who have been treated and released from the ED, we identified several factors associated with increased risk of inpatient hospitalization within 9 days: increased number of chronic comorbidities, ≥ moderate injury to abdomen, pelvis, or extremities, and low neighborhood median income. When expanding the window to 30 days, lack of private insurance supplement in addition to Medicare was also a significant risk factor for inpatient admission. Hispanic race and major diagnosis category of superficial wounds of the head, neck, and trunk were associated with lower odds of inpatient admission within 9 days, though Hispanic race was not associated with lower odds of inpatient admission within 30 days. Our data showed that 46.1% of admissions at 9 days were for traumatic injury, as were 35.5% at 30 days.
These findings point to opportunities to identify and intervene with high-risk patients at an index visit. As expected, we saw a strong association between increased comorbidity burden and inpatient admission, which may indicate that admissions are related to underlying chronic disease rather than just to a single injury. Though we did not hypothesize that pelvic and extremity injuries would be associated with increased risk of admission, this finding may indicate that these patients have decreased mobility and may be at higher risk of subsequent falls or inability to perform activities of daily living prompting return to the hospital. As such, frailty indices may be particularly useful in identifying these patients in future studies and risk prediction models. Our data confirmed our hypothesis that low neighborhood median income would be associated with increased rates of inpatient admission in this population, consistent with the established role of socioeconomic status and structural factors in health and health outcomes. Our inpatient admission rate after injury of 3.9% within 9 days and 7.8% within 30 days is similar to the inpatient admission rate within 7 days of 4.6% after all causes ED visits in older adults in California [20] . Unlike Gabayan et al., however, we did not find that older age was a risk factor, perhaps because we adjusted for the number of chronic comorbidities, which is closely associated with increasing age.
We were surprised not to find an association between falls and inpatient admission, since a recent study by Fawcett et al. that demonstrated a 1.21 OR of readmission in older adults after a hospitalization for traumatic injury due to fall [31] . However, we reported results using a 99.9% CI to counterbalance any potential overpowering by our large sample size. Though not significant at 99.9% CI, falls were a significant risk factor for inpatient admission at 95.0% CI (OR 1.8). Additionally, we adjusted for injury severity and injury diagnosis, which could attenuate the association with mechanism, as each mechanism is associated with certain patterns of injury.
Also unlike Fawcett et al.'s work, we did not find head injury to be a predictor of inpatient admission in our population. Head injuries were relatively rare and mild in our cohort, as we focused only on older adults who were initially sent home after the index ED visit, rather than those who were initially admitted. Moreover, we limited our focus to community-dwelling older adults who returned to the community. Since severe head injuries may be more likely to result in inpatient admission initially or require skilled nursing follow-up, we appropriately screened out patients with severe head injuries.
Regarding demographic and socio-economic findings, our data confirm that older adults living in low income zip codes are more likely to be admitted to a trauma center than those living in medium or high income zip codes [32] . Our findings also replicate previous reports that those who identify as Hispanic have decreased odds of inpatient admission soon after a treat-and-release ED visit [20] .
It is unclear why we saw such a strong association between abdominal injuries and inpatient admission. One explanation might be that damage from blunt traumatic injury, such as internal bleeding or organ damage, can take time to manifest. Therefore, it is possible that these patients could have been initially discharged from the ED only to require subsequent inpatient admission after their internal injuries became manifest. Further research could examine rates and results of imaging, such as CT scans, in older adults with trauma to see if they are being appropriately screened for such internal injuries before being discharged.
Our findings may help identify patients at risk of worsening condition and costly hospitalizations soon after an ED encounter. Identifying patients at high risk of inpatient admission could be useful in creating policies for treating these patients while they are in the ED and for targeting prevention efforts for after they are discharged home. Several prevention efforts have been proposed, and those that go beyond a simple referral or that use a clinical prediction tool to identify eligible patients seem to be associated with the best outcomes [17] . About half (46.3%) of the patients who required inpatient admission within 9 days were diagnosed with a new injury at the time of admission. We speculate that this finding signifies that patients are being admitted for repeat injuries, such as repeat falls, rather than for delayed effects of the index injury.
Our study has a number of strengths, including the large sample size in a geographically diverse state with large population of older adults. Furthermore, because we looked at data from all nonfederal hospitals in Florida, our analysis represents all of the geographic, economic, and demographic areas of Florida. Because the linkage feature of the SEDD allowed us to track individual patients over time between different facilities, we did not lose patients who were seen at different facilities and ensured that each patient was only included in our sample once. 
Limitations
This study has several limitations. First, we examined a single state, Florida, which may have limited applicability to other cohorts. We note that this statewide analysis is also a strength however, as we had a large sample size in a geographically diverse state with a large population of older adults. Additionally, because we looked at data from all nonfederal hospitals in Florida, our analysis represents all of the geographic, economic, and demographic areas of Florida. Second, our data were administrative, meaning that the information was collected for the primary purpose of billing rather than for clinical care, and therefore may less accurately represent the patient's clinical condition. Third, because this study was retrospective, it is possible that some comorbidities may not have been completely documented. For example, the median number of comorbidities in our dataset was 1.3, while the true number may actually have been higher. We considered several different measures of comorbidity for this study, including the Charlson Comorbidity Index and the Elixhauser Index. There were no noticeable differences among the different measures, so we decided to use the raw number of chronic comorbidities for ease of understanding. Finally, while we used inpatient admission as our primary outcome measure under the assumption that all admitted patients clinically warranted admission. However, with the data available to us, we could not verify the necessity of each admission.
Conclusions
Among older adults treated and discharged from the ED for an injury, 3.8% were admitted to the hospital within 9 days and 7.9% were admitted within 30 days. High chronic comorbidity burdens, abdominal or orthopedic injuries, and living in poor neighborhoods increased risk of hospitalization within 9 days and 30 days of ED discharge, with lack of a private insurance supplement also contributing to increased 30-day risk of hospitalization. These admissions represent a substantial burden to individual patients and to the healthcare system. Further research is needed to explore the causes for these readmissions, identify potentially preventable admissions, and design and test potential interventions to reduce their incidence. Future interventions will likely include both changes to diagnostic approaches as well as enhanced social assistance, and may occur before, during, or after an index ED visit.
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